A polymorphism of RBC catalases was found by starch gel electrophresis among inbred strains of rats. The slow migrating banding pattern (CS-1B) is dominant over the fast migrating banding pattern (CS-lA) and in progeny made by backcrossing F1 hybrids with CS-lA type parental strain the two types segregated 1:1. The designation Cs-i locus, with two alleles (Cs-ia, Cs-ib), is tentatively proposed. The Cs-1 locus is not linked with the linkage group (LG) I, II, IV, V, VI, VIII and the LG containing Amy-i. The Cs-jb allele is distributed among several common inbred strains of rats derived from the so-called Wistar strain in Japan and its origin is discussed.
INTRODUCTION
The enzyme catalase (E. C. 1.11.1.6: 11202: H2O2 oxidoreductase) exists in various tissues of mammalian species; however, genetic polymorphisms of the enzyme have been reported only in the mouse (Mus musculus) and human being (Nance et al. 1968; Takahara 1952; Abei and Suter 1971) . Three loci determining catalase in various tissues of mouse are known. One is Ce-1 that alters the rate of enzyme degradation in the liver (Heston et a1.1965; Rechcigl and Heston 1967; Ganschow and Schimke 1969, 1970) . Another is Cs-1 on chromosome 2, affecting red blood cell (RBC) catalase activity (Hoffman and Griesharber 1974) . It has been confirmed that this locus controls the specific activity of the enzyme in RBC of mice (Griesharber and Hoffman 1975) . The third is Ce-2 on chromosome 17 (Hoffman and Griesharber 1976) which controls electrophoretic mobility of catalase molecules in kidney homogenates. Hoffman and Griesharber postulated the existence of substance(s), without catalase activity, in the kidney homogenate of mice with the fast-migrating pattern (the type A catalase).
There is apparently no documentation concerning the genetic variation of catalase in various tissues of the rat (Rattus norvegzcus) probably because of the paucity of research on the biochemical genetics of this species. There are, however, reports on the molecular heterogeneity of the catalase enzyme in RBC, liver and kidney of rats (Nishimura et a1.1964; Holmes and Masters 1970; Holmes and Masters 1972) .
Using starch gel electrophoresis, we have found a polymorphism in the RBC catalase among several inbred strains of rat. On the basis of a genetic analysis of this trait, including determination of the mode of inheritance, and of linkage relations with a few coat color genes, several biochemical gene loci, and the RT1(major histocompatibility complex of the rat), we tentatively propose that the locus be named Cs-1 with two alleles, Cs-ja and Cs-ib. The RBCs were washed three times with isotonic saline and stored at -20°C until used. The thawed samples were lysed with distilled water and applied to the gels in a final dilution of 120-fold.
MATERIALS AND METHODS

Animals
The pancreas, small intestine, kidneys and liver were removed. About 300 mg of small intestine, and 500 mg each of liver, kidney and pancreas were homogenized with 3-, 2-, 2-, and 2-fold of distilled water, respectively, and centrifuged at 12,000 rpm for 20 min at 4°C. All samples had been stored in a freezer at -20°C until used.
Electrophoresis of catalase: The discontinuous buffer system of Poulik (1957) was employed. The electrode buffer (pH 7.8) contained 0.03 M boric acid and 0.05 M sodium hydroxide. Gels were prepared with 23 g starch (Connaught Laboratory) in 200 ml of buffer (pH 8.65) composed of 0.076 M tris (hydroxymethyl) aminomethane and 0.005 M citric acid.
The horizontal starch gel electrophoresis, a slight modification of the method described by Smith (1968) was adopted. The samples were applied on 5 X 8 mm of No. 2 filter paper (Toyoroshi Kaisha). A potential gradient of 10 V /cm was applied for 3.5 h at 4°C.
After electrophoresis, sliced gel halves were washed with 0.03% hydrogen peroxide solution, stained with an equal volume of 1 % ferric chloride and 1 % potassium f erricyanide, and subsequently stored in 2 % acetic acid (Hoffman and Griesharber 1976 ).
Electrophoresis of other enzymes and proteins: Esterases of plasma, small intestine, and kidney were electrophoresed using methods described previously (Yamada et al. 1979 (Yamada et al. , 1980 . Electrophoresis was performed by the methods of Watanabe and Tomita (1974) for pancreatic amylase, Takahashi et al. (1978) for hemoglobin, and Nikaido and Yamada (1981) for male urinary proteins.
Determination of R T i haploty pe: All [(SHR X ACT) X ACT] backcross progeny were typed for SD phenotypes. Hemagglutination (HI) test for the SD antigen was performed as described by Natori et al. (1979) . Alloantisera (RT1a: SDJ a ACT, RT1k: SDJ a WKA) were gifts from Dr. T. Natori, Hokkaido University, School of Medicine.
Genetic analyses: The nomenclature of Serov (1973) , Womack (1972a Womack ( , 1972b Womack ( , 1973 , Gasser et al. (1973) , and Yamada et al. (1980) is used for the esterase loci, of Mizuno and Suzuki (1978) for amylase, of French et al. (1971) for hemoglobin B, of Nikaido and Yamada (1981) for male urinary protein, and of Gunther and Stark (1979) for RTJ haplotypes. Chi-squares for linkage were calculated by the method of Green (1963) .
RESULTS
Polymorphism of RBC catalase: Zymograms of the RBC catalase are presented on Fig. 1 . The catalase band of strain BN (lane 1) was fast-migrating and tentatively denoted as CS-lA, while the band of strain W (lane 2) was slow and denoted as CS-1B. The band of (BN X W) F1 (lane 3) was not distinguishable from the band of W (CS-1B), though a mixture of equal volumes of samples from the two parental strains (lane 4) clearly showed two parental bands. When the mixed samples were incubated at 37°C, no discernible change of the bands was found until at least 3 hours of incubation.
In liver and kidney catalase there were no variations in electrophoretic mobility among the strains tested: all migrated to the CS-lA position of RBC regardless of the RBC catalase type. Neither of the RBC phenotypes was influenced by liver and kidney cytosols mixed with RBC lysates.
As shown in the last three columns of CS-1B, strains were used. Two phenotypes segregated (Table 2) . Since in each case the segregation ratios were in agreement with the expected 1:1, we would like to tentatively propose the locus as Cs-1 with two alleles, Cs-1a for the fast migrating type, and Cs-1 b for the slow migrating type; Cs-P being dominant over Cs-1a.
Linkage analyses with other loci: In the three backcrosses alleles at agouti (LG IV), brown (II), Es-2 (V), Es-3 (V), Amy-1 (?), albino (I), hooded (VI), Es-4 (V), Es-Si (V), Es-1 (V), Hbb (I), Mup-1 (II), and RT1 (VIII) were segregating, and chi-squares for linkage with Cs-1 were calculated (Table 3) . Most values were low, except for that with the brown locus which was close to but not exceeding the 0.05 level of significance. The data indicate that the Cs-1 locus is independent of LGs I, II, IV, V, VI, VIII and the LG containing Amy-1.
DISCUSSION
Genes determining biochemical traits are useful as marker genes because they are usually expressed in a co-dominant fashion and it is possible to detect easily heterozygotes.
However, the rat RBC catalase Cs-P allele behaves in a completely dominant fashion over Cs-1a. Since we did not investigate the molecular structure of the isozymes, we do not actually know whether the gene is structural or not. However, the mixture of the two types of RBC lysate clearly showed two parental bands that were not altered by three hours of incubation at 37°C or by cytosols of the liver and kidney. Thus, it would appear that the isozymes are fairly stable and Cs-1 may be structural.
On the other hand, this catalase variation found in RBC lysate is tissue specific and the variations are not found in liver and kidney cytosols. If Cs-1 is structural, it must be postulated that there are some regulating factors affecting catalase isozymes in liver and kidney homogenates.
Otherwise, if Cs-1 is regulatory, then there may be some regulating factor(s) in RBC lysate. To decide whether Cs-1 is structural or regulatory, further studies are needed.
In mice, three loci related to catalase are known. Among them, Ce-2 is concerned with the electrophoretic mobility of the enzyme in kidney homogenates only (Hoffman and Griesharber 1976) . Cytosols of heterozygotes and a mixture of equal amounts of the two types of cytosols migrate in the same way as the fast singly type band (CE-2A). Hoffman and Griesharber (1976) concluded that this genetic factor determines the production of a molecule(s) unrelated to catalase activity, which affects the electrophoretic mobility of catalase. In the present study, the effect of Cs-1 was restricted to the RBCs and the enzyme was stable and not affected by substances in the RBC lysate or in cytosols of liver and kidney. Therefore, Cs-1 in the rat is not homologous with Ce-2 in the mouse.
As shown in Fig. 2 , Cs-i1' alleles are usually restricted to strains derived from the Wistar rats introduced to the University of Tokyo from the Wistar Institute in the USA, in 1936. Strains DR and WKA/Hok have the Cs-1b allele, but they might be derived from or crossed with progeny of the original Wistar rats. So far, we have not detected the Cs-i1' allele in other Wistar strains established in the USA or Europe, nor in strains not derived from the Wistar strain. Thus, the Cs-i1' allele may be derived from the original Wistar stock or from a mutation originating in the Wistar rats in Japan, at least prior to 1944, when the first subline was derived.
In the present study, it was confirmed that Cs-i is not linked to LGs I, II, IV, V, VI, VIII and the LG containing the Amy-i locus. At least in Japan, the Cs-1 locus exists as one of the most valuable marker genes of rats, as the Cs-i1' allele is found among several familiar inbred strains in this country.
According to Aizawa (1979) , the strains W, SHR, WM, WKA/Hok, and WKA/Ms have the RTi" haplotype of the major histocompatibility complex (MHC). These strains also have Cs-i1' allele with one exception, strain WKA/ Ms, which has Cs-la allele. The strains with other RTl haplotypes (LEW: RTII, WF: RT1u, BN: RTi" and ACI: RTia) all have Cs-1a allele (Howard 1979 
